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FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


Pt 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


Prance 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MC 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


TUrkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BV 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Nedterlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cote dTvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cv 


Cuba 


KZ 


Kaxakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/35180 



PCT/US98/02392 



REFLECTOR AND ASSOCIATED LIGHT ASSEMBLY 

BACKGROUND OF THE INVENTION 
The present invention relates generally to 
reflectors and associated light assemblies and, more 
particularly, to curved reflectors having a relatively 
5 high reflectance. 

Lighting reflectors are employed in a variety 
of applications to enhance the resulting brightness 
provided by a light source- For example, aircraft and 
spacecraft include a number of reflectors both 

10 externally and internally, such as within a cockpit 
display or a helmet mounted display. In addition, 
flash jet paint removal systems, such as described, .by 
U.S. Patent No. 5,328,517,. can include one or more 
reflectors for increasing the intensity of the light 

15 focused upon the painted surface of an aircraft. Most 
commonly, automobiles and other vehicles typically 
include a number of reflectors in order to increase the 
brightness of the head lamps or other exterior or 
interior lighting systems. 

20 Conventional lighting reflectors are 

typically formed of aluminum or include an aluminum 
coated surface to enhance the resulting brightness . 
While an aluminum .or aluminum coated surface reflects 
approximately 80 to 90 percent of the light energy, the 

25 reflector absorbs the remainder of the light energy as 
heat, thereby creating significant inefficiencies. As 
a result, more sophisticated reflectors have been 
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developed to reflect a greater percentage of the 
incident light . 

For example, reflectors which include a 
plurality of dielectric coating layers have been 
5 developed. In order to provide sufficient reflectance, 
however, the thickness of each dielectric layer must be 
precisely controlled, thereby increasing the complexity 
of the fabrication process. In addition, reflectors 
must oftentimes be curved in order to properly direct 

10 the reflected light. Accordingly, it is even more 

difficult, if not impossible, to precisely control the 
thickness of each dielectric layer of a curved 
dielectric coated reflector. 

Reflectors which do not include dielectric 

15 layers, but which include silver based coatings have 
also been developed in order to provide improved 
reflection efficiency. While reflectors which include 
silver based coatings typically require less precision 
with respect to the thickness of the various layers, 

2 0 reflectors which include silver based coatings commonly 

have poor adhesion. As a result, the silver based 
coatings may release, in whole or in part, from the 
underlying substrate, thereby significantly impairing 
the reflectance of the reflector. In addition, 
25 reflectors which include silver based coatings 

typically tarnish following exposure to air over time, 
thereby further diminishing the. performance of the 
reflector. 

Therefore, while it would be desirable for a 

3 0 lighting reflector to reflect a greater percentage of 

the incident light than conventional aluminum or 
aluminum coated reflectors, the reflectors currently 
available all suffer from several deficiencies. For 
example, dielectric coated reflectors require the 
3 5 dielectric layers to have a specific thickness, thereby 

complicating the fabrication process particularly with 
respect to the fabrication of curved reflectors-. 
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Moreover, reflectors which do not include dielectric 
layers, but which include silver based coatings 
typically tarnish and suffer from poor adhesion, 
thereby impairing the performance of these reflectors. 

5 SUMMARY OF THE INVENTION 

It is therefore an object of the invention to 
provide an improved reflector which reflects a high 
percentage of the incident light. 

It is another object of the invention to 
10 provide a reflector which is relatively insensitive to 
variations in the thickness, of the individual coating 
layers . 

It is a further object of the invention to 
provide a reflector which includes coating layers that 
15 are tightly adhered to the underlying substrate* 

It is yet another object of the invention to 
provide a curved reflector which can be easily 
fabricated. 

It is still another object of the invention 

20 to provide a reflector which includes a silver 

reflectance layer which does not readily tarnish. 

These and other objects are provided, 
according to the present invention, by a reflector 
which includes a substrate and a plurality of 

25 intermediate layers including at least one bonding 
layer disposed upon the substrate and a metallic 
reflectance layer disposed upon the bonding layer. The 
bonding layer includes a first dielectric layer, such 
as aluminum oxide (Al 2 0 3 ) , for bonding or adhering the 

3 0 metallic reflectance layer to the substrate. The 

reflectance layer is preferably comprised of a silver 
material which reflects a high percentage of the 
incident lights In addition, the reflector of the 
present invention can include a protective layer, such 

35 as a layer of Leybold Mark 3 material, for protecting 
the underlying bonding and reflectance layers, such as 




from tarnishing and other environmental degradation. 
As a result, the reflector of the present invention 
provides a relatively high level of reflectance which 
does not degrade over time since the reflectance layer 
5 remains tightly adhered to the substrate and since the 
reflector is protected from tarnishing. 

In order to further improve the adherence of 
the reflectance layer to the substrate, the bonding 
layers can include a copper (Cu) layer disposed between 

10 the first dielectric layer and the reflectance layer. 
In addition, the reflector of one advantageous 
embodiment includes a second dielectric layer between 
the reflectance layer and the protective layer in order 
to adhere the protective layer thereto. 

15 Since the metallic reflectance layer reflects 

the incident light, the reflector of the present 
invention is relatively insensitive to variations in 
the respective thicknesses of the bonding and 
reflectance layers. However, the reflectance layer is 

20 preferably thicker than each of said bonding layers. 
In particular, the reflector of one advantageous 
embodiment includes bonding and reflectance layers 
which have respective predetermined thicknesses, i.e., 
optical thicknesses, based upon the predetermined 

25 wavelength X of light which the reflectance -coating 
preferentially reflects. For example, the 
predetermined thickness of the . reflectance coating 

kX 

preferably equals -j- for a positive odd integer k, 
while the predetermined thickness of each bonding layer 
30 preferably equals ^ 2l ° 22 ^ ^ f ° r a P 08 *-* 1 ^ 6 w hole number 

m. As a result, the reflector of this embodiment can 
be tailored to preferentially reflect light of a 
predetermined wavelength X by controlling the 
respective thicknesses of the bonding and reflectance 
3 5 layers. -' . , 
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Al though the reflector of one advantageous 
embodiment includes bonding and reflectance layers 
which have respective predetermined thicknesses, the 
reflector of the present invention remains relatively 
5 insensitive to variations in the thicknesses of the 

bonding and reflectance layers. Thus, the reflector 
can be curved since the bonding and reflectance layers 
can be readily deposited upon a curved substrate. As a 
result, the curved reflector of this embodiment of the 
10 present invention can form a portion of a lighting 

assembly which also includes a light source disposed 
adjacent the concave surface of the curved reflector. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a perspective view of a lighting 
15 assembly including a curved reflector according to one 

advantageous embodiment of the present invention. 

Figure 2 is a cross -sectional view of the 
curved reflector illustrated in Figure 1 which depicts 
the various bonding, reflectance and protective layers. 
20 Figure 3 is a graph illustrating the 

reflectance of a reflector according to one embodiment 
of the present invention as a function of wavelength . in 
comparison to the; reflectance of a conventional 
aluminum coated reflector as a function of wavelength. 

25 DETAILED DESCRIPTION QF THE INVENTION 

Various methods and apparatus embodiments of 
the invention are set forth below! This invention may, 
however, be embodied in many different forms and should 
not be construed as limited to the embodiment set forth 

30 herein. To the contrary, the invention includes 

numerous alternatives, modifications, and equivalents 
as will become apparent from consideration of the 
present specification including the drawings, the 
foregoing discussion, and the following detailed 

35 description. Like numbers refer to like elements 
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throughout. In addition, the thicknesses of the 
various layers have been exaggerated in the drawings 
for purposes of clarity. 

Referring now to Figure 1, a light assembly 
10 according to the present invention is illustrated. 
The light assembly can be employed in a variety of 
applications, such as automotive, aircraft, spacecraft 
and other applications as will be apparent to those 
skilled in the art . The light assembly includes a 
reflector 12 and a light source 14, such as a light 
bulb. As shown in Figure 1, the reflector can be 
curved so as to define a concave surface and a convex 
surface. However, the reflector can have other shapes 
or can be planar without departing from the spirit and 
scope of the present invention. 

As shown in more detail in Figure 2, the 
reflector 12 of the present invention includes a 
substrate 16 and a plurality of intermediate layers 
disposed upon the substrate. The substrate 16 can be 
formed of various materials, such as glass, aluminum or 
a plastic material. While the intermediate layers can 
be deposited upon the substrate in a variety of manners 
without departing from the spirit and scope of the 
present invention, the intermediate layers are 
typically deposited upon the substrate with a chemical 
vapor deposition (CVD) process. 

The intermediate layers include at least one 
bonding layer 18 disposed upon the substrate 16 and a 
reflectance layer. 20 disposed upon the bonding layer. 
The bonding layers include a first dielectric layer 22 
which adheres the reflectance layer to the substrate. 
As a result, the reflectance layer will remain tightly 
adhered to the substrate such that the reflector 12 of 
the present invention will continue to provide high 
reflectance over time. According to one advantageous 
embodiment, the first dielectric layer is formed of 
aluminum oxide (Al 2 0 3 ) . In other embodiments, however, 
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the bonding layers need not include a dielectric layer, 
but can include a bonding layer formed of other 
materials, such as gold. 

As shown in Figure 2, the bonding layers 18 
5 of one advantageous embodiment also include a copper 
(Cu) layer 24 disposed between the first dielectric 
layer 22 and the reflectance layer 20. The copper 
layer further adheres the reflectance layer to the 
first dielectric layer and, in turn, to the substrate 

10 16. While the bonding layers of this advantageous 

embodiment include a copper layer, the bonding layers 
can, instead, include a layer formed of gold without 
departing from the spirit and scope of the present 
invention. In addition, . while . the reflector 12 of 

15 Figure 2 includes two bonding layers, namely, the first 
dielectric layer and the copper layer, the reflector 
can include additional bonding layers, such as 
additional dielectric layers, without departing from 
the spirit and scope of the present invention. 

20 The reflector 12 of the present invention 

preferably includes a reflectance layer 20 formed of a 
silver (Ag) material. For example, the reflectance 
layer can be formed of silver and/or silver alloys. 
However, the reflectance layer can be formed of other 

25 metallic materials, such as gold, without departing 
from the spirit and scope of the present invention. 
The reflectance layer is designed to reflect light 
incident thereon. In particular, the reflectance layer 
can be formed as described hereinbelow such that the 

30 light of a predetermined wavelength X or a 

predetermined range of wavelengths are preferentially 
reflected. 

The reflector 12 also preferably includes a 
protective layer 26 disposed upon the reflectance layer 
35 20. The protective layer protects the underlying 
bonding and reflectance layers from tarnishing and 
other environmental degradation. The protective layer 
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is preferably formed of a hard material in order to 
further protect the underlying bonding and reflectance 
layers. For example, the protective layer is 
preferably formed of Leybold Mark 3 (MK3) material 
which is available from Leybold -Heraeus GmbH of Munich, 
Germany. However, the protective layer can be formed 
of other materials, such as MgF 2 , without departing from 
the spirit and scope of the present invention. 

The reflector 12 of one embodiment also 
includes a second dielectric layer 28 disposed between 
the reflectance layer 20 and the protective layer 26. 
The second dielectric layer serves to tightly adhere 
the protective layer. to the reflectance layer and to 
further protect the reflectance layer. The second 
dielectric layer is typically formed of the same 
dielectric material as the first dielectric layer, such 
as aluminum oxide. However, the second. dielectric 
layer can be formed of other dielectric materials, if 
so desired. While the illustrated reflector includes a 
0 single second dielectric layer, the reflector of this 

embodiment can include a plurality of dielectric layers 
between the reflectance layer and the protective layer 
without departing from the spirit and scope of the 
present invention . 
5 Since the reflectance layer 20 reflects the 

incident light, the reflector 12 of the present 
invention is insensitive to variations in the 
respective thicknesses of the various layers. Thus, 
the reflector can be fabricated in a rapid and cost- 
0 effective manner with cpnventional deposition 

techniques, such as CVD. in addition, the various 
layers of the reflector can be readily deposited upon a 
curved substrate 16 in order to form a curved reflector 
as shown in Figures 1 and 2. Therefore, the reflector 
5 of the present invention can be shaped or configured to 
meet the requirements of the particular application. 
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Although the reflector 12 of the present 
invention is insensitive to variations in the 
respective thicknesses of the various layers, the 
predetermined wavelength X of light preferentially 
5 reflected by the reflectance layer 20 is determined by 
the respective thicknesses of the various layers. In 
particular, the thickness of the reflectance layer 
kX 

equals for a positive odd integer k. Likewise, the 

thickness of each bonding layer 18, such as the first 
10 dielectric layer 22 and the copper layer 24, preferably 

equals (2m ^ 1) X j or a positive whole number m. Thus, 

each bonding layer typically has the same predetermined 
thickness . 

As used herein, the thicknesses of . the 

15 various layers refers to their respective optical 

thicknesses. Therefore, the wavelength of light which 
defines, in part, the mathematical relationship between 
the thicknesses of the various layers and the 
wavelength of light preferentially reflected therefrom 

20 is the wavelength of light within the respective 

layers. As known to those skilled in the art, the 
wavelength of light within a layer formed of a material 
with an index of refraction n is defined as: X=X 0 /n 
wherein X 0 is the wavelength of light in air, 

25 The reflectance layer 20 is typically thicker 

than either of the bonding layers 18. For example, a 
reflector 12 designed to reflect blue light having a 
wavelength of 400 nm will typically include a 
reflectance layer having a thickness of 1.33 microns, a 

30 first dielectric layer 22 having a thickness of 7.6 

nanometers and a copper layer 24 having a thickness of 
0.15 microns. Thus, the reflectance layer of one 
advantageous embodiment is about nine times (or more) 
as thick as either of the bonding layers. 
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According to one advantageous embodiment, the 
protective layer 26 and the second dielectric layer 28 
also have respective predetermined thicknesses which 
are the same as the thicknesses of the reflectance 
5 layer 20 and a bonding layer 18 , respectively. Thus, 

the protective layer of this advantageous embodiment is 
also significantly thicker than any of the bonding 
layers or the second dielectric layer. 

As shown in Figure 3, the reflector 12 of the 

10 present invention therefore reflects a greater 

percentage of the incident light over a wide range of 
wavelengths than conventional aluminum coated 
reflectors. Due to the adherence provided by the 
bonding layers 18, the reflector of the present 

15 invention will continue to reflect a very high 

percentage of the incident light over time since the 
reflectance layer 20 will remain tightly adhered to the 
substrate 16. In addition, the protective layer 26 
will protect the ref legtor from tarnishing and other 

20 environmental degradation, thereby further improving 
the lifetime and performance of the reflector. 

Many modifications and other embodiments of 
the present invention will come to the mind of one 
skilled in the art to which this invention pertains 

25 having the benefit of the teachings presented in the 

foregoing description and the associated drawings. 
Therefore, it is to be understood that the invention is 
not limited to the specific embodiments disclosed and 
other embodiments are intended to be included within 

30 the scope of the appended claims. Although specific 

terms have been employed herein, they are used in a 
generic and descriptive sense only and not for purposes 
of limitation. 
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THAT WHICH IS CLAIMED IS: 

1. A reflector comprising; 
a substrate; 

a plurality of intermediate layers 
disposed upon said substrate, said intermediate layers 
5 comprising: 

at least one bonding layer disposed 
upon said substrate, said at least one bonding layer 
comprising a first dielectric layer; and 

a reflectance layer disposed upon 

10 said at least one bonding layer such that said at least 
one bonding layer adheres said reflectance layer to 
said substrate, said reflectance layer comprising a 
silver (Ag) material for reflecting light incident upon 
the reflector; and 

15 a protective layer disposed upon said 

plurality of intermediate layers for protecting said 
underlying bonding and reflectance layers. 

2. A reflector as recited in claim 1 
wherein said first dielectric layer comprises an 
aluminum oxide (Al 3 0 2 ) layer disposed adjacent said 
substrate. 

3. A reflector as recited iri claim 2 
wherein said at least one bonding layer further 
comprises a copper (Cu) layer disposed between said 
aluminum oxide (Al 3 0 2 ) layer and said reflectance layer. 

4. A reflector as recited in claim 1 
wherein said plurality of intermediate layers further 
comprises a second dielectric layer disposed upon said 
reflectance layer . 
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5. A reflector as recited in claim 4 
wherein said second dielectric layer comprises an 
aluminum oxide <A1 2 0 3 ) layer. 

6 . A reflector as recited in claim 1 
wherein said protective layer comprises a layer of 
Leybold Mark 3 material . 

7. A reflector as recited in claim 1 
wherein each of said bonding layers and said 
reflectance layer have respective predetermined 
thicknesses, and wherein said reflectance layer is 
thicker than each of said bonding layers . 

8. A reflector as recited in claim 7 
wherein said reflectance layer is adapted to 
preferentially reflect light of a predetermined 
wavelength X, and wherein the predetermined thickness 

kX 

of said reflectance layer equals -j- for a positive odd 
integer k. 

9* A reflector as recited in claim 7 
wherein the predetermined thickness of each of said 

bonding layers equals (2in + 1) A. a positive whole 

3 2 

number m. 

10. A reflector comprising: 
a substrate; 

a first dielectric layer disposed upon 

said substrate; 

a metallic reflectance layer for 
preferentially reflecting light of a predetermined 
wavelength, said metallic reflectance layer disposed 
upon said first dielectric layer such that said first 



WO 98/35180 



PCT/US98/02392 



-13- 

dielectric layer adheres said metallic reflectance 
layer to said substrate; and 

a second dielectric layer disposed upon 
said metallic reflectance layer . 

11. A reflector as recited in claim 10 
further comprising a protective layer disposed upon 
said second dielectric layer for protecting said 
underlying dielectric and metallic reflectance layers. 

12. A reflector as recited in claim 10 
further comprising a copper (Cu) layer disposed between 
said first dielectric layer and said metallic 
reflectance layer, to further adhere said metallic 
reflectance layer to said substrate. 

13. A reflector as recited in claim 10 
wherein said first and second dielectric layers are 
comprised of aluminum oxide (Al 2 0 3 ) , and wherein said 
metallic reflectance layer is comprised of a silver 
(Ag) material. 

14 . A reflector as recited in claim 10 
wherein said first. and second dielectric layers and 
said metallic reflectance layer have respective, 
predetermined thicknesses, and wherein said metallic 
reflectance layer is thicker than each of said first 
and second dielectric layers. 

15. A reflector as recited in claim 14 
wherein the predetermined thickness of said metallic 

kX 

reflectance coating equals for a positive odd 

integer k, and wherein the predetermined thickness of 
each of said first and second dielectric layers equals 

(2/n + 1) X £ Qr a p OS itive whole number m. 

32 
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16. A light assembly comprising: 
a curved substrate; 

a reflector disposed upon said curved 
substrate, said reflector comprising: 

at least one bonding layer disposed 
upon said curved substrate; and 

a metallic reflectance layer for 
reflecting light incident thereon, said metallic 
reflectance layer disposed upon said at least one 
bonding layer such that said at least one bonding layer 
adheres said reflectance layer to said curved 
sub s t r a t e ; and 

a light source disposed adjacent to said 
curved substrate such that said reflector reflects 
light emitted by said light source, 

17. A light assembly as recited in 
claim 16. wherein said curved substrate defines a 
concave inner surface, said reflector disposed upon 
said concave inner surface of said curved substrate, 
said light source also disposed adjacent said concave 
inner surface of said curved substrate. 

18. A light assembly as recited in 
claim 16 wherein said at least one bonding layer 
comprises a first dielectric layer disposed adjacent 
said curved substrate and a copper (Cu) layer disposed 
between said first dielectric layer and said metallic 
reflectance layer, and wherein said metallic 
reflectance layer comprises a silver (Ag) material for 
reflecting the light emitted by said light source . 

19. A light assembly as recited in 
claim 18 wherein said reflector further comprises: 

a second dielectric layer disposed upon 
said metallic reflectance layer; and 
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a protective layer- disposed upon said 
second dielectric layer for protecting said underlying 
layers. 

20. A light assembly as recited in 
claim 16 wherein each of said bonding layers and said 
metallic reflectance layer have respective 
predetermined thicknesses, and wherein said metallic 
reflectance layer is thicker than each of said bonding 
layers. 

21. A light assembly as recited in 
claim 21 wherein said light source emits light of a 
predetermined wavelength A, wherein said metallic 
reflectance coating is adapted to preferentially 
reflect light of the predetermined wavelength X, and 
wherein the predetermined thickness of said metallic 

reflectance coating equals -j- for a positive odd 
integer k. 

22. A light assembly as recited in 
claim 21 wherein the predetermined thickness of each of 

( *y rn + "\ \ \. 

said bonding layers equals - 32 for a positive 



whole number m. 



WO 98/35180 



PCT/US98/02392 




SUBSTITUTE SHEET (RULE 28) 



WO 98/35180 



PCT/US98/02392 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Int^^ jonaJ Application No 

IWUS 98/02392 



A. CLASSIFICATION OF SUBJECT MATTER 

PC 6 F21V7/22 



According to International Patent Classif icationtlPCl or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system loilowed by classification symbols) 

IPC 6 F21V 



Documentation searched other than nwwmjm documentation to the extent that such documents are included in the Melds searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIOEREO TO BE RELEVANT 



Category * Citation ol document, with indication, where appropriate, of the relevant passages 



Relevant to daini No. 



EP 0 516 489 A (MITSUI TOATSU CHEMICALS, 

INC. ) 2 Oeceraber 1992 

see page 3, line 40 - line 50 

see page 4, line 8 - line 23 

see page 4, line 29 - line 42 

see figures 1-3 

US 1 953 796 A (CROCKER) 3 April 1934 

see page 1, line 79 - line 82 
see page 1, Hne 88 - line 89 
see page 2, line 33 - line 47 
see page 2, Hne 103 - line 107 
see figures 1-7 

~~ -/- 



1,10,11, 
16,17,19 



1,3,10. 
12,16-18 



m 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



* Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

tiling date 

**L" document which may throw doubts on priority daim(s) or 
which is cited to establish the publicationdate ot another 
citation or other special reason (as specified) 

"O" document ref ernng to an oral disclosure, use, exhibition or 
other means 



-p. 



document published prior to the international fifing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X - document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document Is taken alone 

"Y" document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member ol the same patent family 



Date of the actual completion of the international search 



15 May 1998 



Date of mailing of the international search report 



29/05/1998 



Name and mailing address of the ISA 

European Patent Office, P.B. 5fl18 Patentlaan 2 
NL-2280HVRijswljk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Oe Mas, A 



Form PCTrtSA/210 (second sheet} (July 1992) 



INTERNATIONAL SEARCH REPORT 



pcWuj 



nal Application No 

PCTTUS 98/02392 



C.(Continuation) OOCUMENTS CONSIDERED TO BE RELEVANT 



Category - Citation of document, with indication. where appropriate, of ihe relevant passages 



Relevant to claim No. 



GB 2 061 480 A (TOSHIBA ELECTRIC EQUIPMENT 
CORPORATION) 13 May 1981 
see page 1, line 102 - page 2, line 83 
see figures 1-3 

AU 527 079 B (NHK SPRING CO., LT0) 17 
February 1983 

see page 4, line 2 - page 6, line 9 
see figure 1 

US 5 169 229 A (H0PPERT ET AL.) 8 December 
1992 

see column 3, line 29 - column 4, line 43 
see figures 1-3 

US 5 140 457 A (LETTER) 18 August 1992 
see column 2, line 39 - column 6, line 11 



16,17 



10 



1,10,16 



1,10,16 



Foim PCT/1SA/210 (contmuabon oi s«cood she«t) Uufy 1 992) 



In* 



on on patent family members 



lnu .lonal Application No 

'US 98/02392 



Patent document 
cited in search report 



Publication 
date 



Patent family 
aiember(s) 



Publication 
date 



EP 516489 


A 


02-12- 


•1992 


CA 


2070094 A,C 


01-12-1992 










0E 


69214012 0 


31-10-1996 










nr 

VL 


OztclHlJ IC 1 


Id [Jo iyy/ 










or 














id 
Jr 


C1777EQ A 


















US 1953796 


A 


03-04- 


1934 


NONE 






GB 2061480 


A 


13-05- 


1981 


JP 


1634099 C 


20-01-1992 










JP 


2019562 B 


02-05-1990 










JP 


56045507 A 


25-04-1981 










All 

AU 




nn f\A mot 

U9-U4-19oI 










US 


4347554 A 


31-08-1982 


AU 527079 


B 


17-02- 


1983 


NONE 






US 5169229 


A 


08-12- 


1992 


NONE 






US 5140457 


A 


18-08- 


1992 


NONE 







form PCT/lSAOlO Ipawu lam»y anno*; (July 1992) 



